ABSTRACT. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) of the chloroplast DNA (cpDNA) was used to investigate phylogenetic relationships among 54 species of Salvia L. One long fragment of around 10 kilo base pair (kb) of cpDNA from Salvia was amplifi ed using a universal pair of primers and Long Accurate-PCR (LA-PCR) protocol, then the amplifi ed products were digested with each of six restriction enzymes; EcoRI, HindIII, PvuII, NdeI, SmaI on MfeI. Four restriction enzymes; EcoRI, HindIII, PvuII, and MfeI produced more polymorphic patterns than NdeI or SmaI. Polymorphic fragments were visually detected, documented and used to build a genetic similarity data matrix based on Nei and Li (1979) method. The genetic similarity matrix and PHYLIP software package (Felsenstein 2005) were the bases to construct a phylogenetic tree. The resulted tree divided Salvia species under study into distinct groups based on origin. Salvia roemeriana showed amplifi ed fragment length difference (AFLD) and can be identifi ed using any of the six enzymes. Ocimum species were distinguishable when LA-PCR products were digested with MfeI. PCR-RFLP was tried in this study due to less labor-intensive, low cost and adequate value in primary phylogenetic studies.
Salvia is the largest genus of the tribe Mentheae of the family Lamiaceae. Based on growth habit, Salvia are perennial, biennial, or annual herbs, or evergreen or deciduous shrubs (Clebsch 2003) . More than 900 species of Salvia exist worldwide and display a remarkable range of variation. Salvia has undergone marked speciation process in three different regions of the world; Central and South America with 500 species, Central Asia and Mediterranean with 250 species, and eastern Asia with 90 species. Salvia is characterized by two stamens, instead of four as in most other members of the Mentheae tribe, and each stamen has two theca separated by an elongated connective (Cla en-Bockhoff et al. 2003) .
Based on the unusual structure of the stamens, Salvia was considered monophyletic, but the diversity detected in the fl oral morphology, vegetative habit and staminal structure itself created some confusion regarding infrageneric boundaries (Walker and Sytsma 2007) . Despite many studies, Bentham`s study (1848; In Walker et al. 2004) of Salvia, which separated the genus into 12 sections remains well accepted. Alignment of the chloroplast sequences of trnL-F inter-genic region and rbcL gene showed that Salvia was not monophyletic but comprises at least two and possibly three distinct lineages; Clade I of mainly Old World species, Clade II of mainly New World species and Clade III of Asian species (Walker et al. 2004) .
Organelle genomes, especially chloroplast genomes evolve slower than nuclear genomes (Palmer 1987) . This conservation of organelle genomes was exploited to design universal primers capable of amplifying specifi c regions from mitochondrial DNA and cpDNA (Taberlet et al. 1991; Badenes and Parfi tt 1995; Tsumura et al. 1996; Heinze 2007; Dhingra and Folta 2005; Ibrahim et al. 2007) .
Universal primers were used for taxonomic and phylogenetic studies and also to develop species-specifi c markers in chloroplast genomes. They have been used for phylogenetic studies in many plants (Gielly and Taberlet 1994; Badenes and Parfi tt 1995; Tsumura et al. 1996; Demesure et al. 1996; Parani et al. 2000; Wang et al. 2000; Cronn et al. 2002; Stehlik et al. 2002; Stehlik 2002) , species identifi cation (Parani et al. 2001; Ridgway et al. 2003; Tsai et al. 2006 Tsai et al. , 2008 , polymorphic chloroplast microsatellites (Powell et al. 1995; Cato and Richardson 1996; Parducci et al. 2001; Ishii et al. 2001; ArroyoGarcia et al. 2002) and genetic diversity (Parducci and Szmidt 1999; Huang and Sun 2000; Walker et al. 2004) .
Restriction fragment length polymorphism (RFLP) analysis of chloroplast genomes is widely used for plant evolutionary studies, particularly at the intra-and interspecifi c level and molecular systematics (Strauss and Doerksen 1990; Govindaraju et al. 1992; Wang and Szmidt 1994; Krupkin et al. 1996; Schaal et al. 1998; Byrne et al. 2003) . PCR-RFLP was also used for the identifi cation of intra-specifi c variations in the cpDNA of Abies alba (Ziegenhagen et al. 1995) , Quercus robur (Dumolin et al. 1995) , Fagus sylvatica (Demesure et al. 1996) , Ginkgo biloba (Shen et al. 2005) and Quercus glauca (Shih et al. 2006) . It has also provided evidence for the presence of inter-specifi c variations in the cpDNA of the genus Phaseolus (Vekemans et al. 1998) , Abies (Parducci and Szmidt 1999) , millet , Mangrove (Parani et al. 2001) , soybeans ), PCR-amplifi cation of this long fragment was performed in an iCycler PCR machine (BIO-RAD, USA). The following protocol was used: initial denaturizing step at 94°C for 1 minute, followed by 30 cycles at two different temperature regimes: 98°C for 10 sec and 68°C for 15 min. The latter condition was intended for annealing and extension of the primers. The fi nal extension step was carried out at 72°C for 10 min. To confi rm successful amplifi cation and to determine the size of the amplifi ed fragments, 2μl of each of the PCR products were separated by electrophoresis in 0.8% agarose gel, in 1xTAE buffer (Tris-base, glacial acetic acid, 0.5 M EDTA), stained with ethidium bromide (0.5μg/ml), visualized and photographed under FAS-II UV-illuminator (Toyobo Co. Ltd., Tokyo, Japan).
DNA Digestion
After amplifi cation, 2μl of each of the LA-PCR amplifi ed products were digested separately in total volumes of 10 μl with each of six restriction enzymes: EcoRI, HindIII, PvuII, NdeI, SmaI or MfeI. The manufacturer's protocol for restriction enzymes was followed (New England BioLabs, UK). The amplifi ed and digested cpDNA fragments were then separated in 1.5% agarose gel in 1xTAE buffer. The gels were run at a constant current of 500mA and a voltage of 100V for about an hour, stained in Ethedium bromide solution (0.5μg/ml), visualized and photographed under UVilluminator. The size of fragments resulted from digestion was estimated using a standard 1-kbp molecular marker (New England BioLabs, UK).
Data analysis Banding patterns were analyzed visually. Restriction fragments were scored as present (1) or absent (0) for each Salvia and Ocimum species to generate a data matrix. One thousand sets of bootstraps were performed by SEQBOOT. RESTDIST was used to calculate the proportion of shared fragments or so called Genetics Similarities (GS) between each pair of species of Salvia and Ocimum with the use of Nei and Li (1979) method, i.e. GS = 2N XY / (N X + N Y ). N X and N Y are the total number of fragments scored in species X and Y, respectively, and NXY is the number of shared fragments between X and Y. The matrix of pair wise (1-GS) values, i.e. the proportion of fragments that were not shared, was directly used to construct dendrograms using the neighbor-joining method of the NEIGHBOR procedure to determine the genetic relationships among Salvia species studied. The NEIGHBOR generated trees were applied to CONSENSE feature. SEQBOOT, RESTDIST, NEIGHBOUR, and CONSENSE are from PHYLIP software package (Felsenstein 2005) . The fi nal tree was edited using TreeView 1.6.6 (Page 1996) .
RESULTS AND DISCUSSION

LA-PCR products
The pair of primers used in this experiment successfully amplifi ed a single long band of Carica papaya (Van Droogenbroeck et al. 2004) , and Houttuynia (Wei et al. 2005) . In addition, it was used for inter-generic studies in Cajanus . Most of studies have focused on single or short regions of the cpDNA. Parducci and Szmidt (1999) used ten different cpDNA regions of the genus Abies. Cronn et al. (2002) used four different cpDNA regions of the genus Gossypium. Walker et al. (2004) used the inter-genic region of trnL-F and rbcL gene sequences to study the Salvia and the related genera. Degrees of polymorphism may vary substantially across the chloroplast genome due to the presence of micro-and macro-structural rearrangements in some chloroplast genomes; small inversions (Hiratsuka et al.1989 ), insertions and/or deletions (Ogihara et al. 1991; Kanno et al. 1993; Maier et al. 1995) , base substitutions (Morton and Clegg 1995) , and translocations (Ogihara et al. 1988) , as well as large inversions as in Oenothera elata (Hupfer et al. 2000) and Lotus japonicus (Kato et al. 2000) . Hence, the purpose of this study was to explore a different region of the chloroplast genome of Salvia. The region of the chloroplast genome of Salvia used in this study covers the area from rbl23 to trnS(GCU), which is about 10,031 base pairs long. Design of primers and length estimation were based on the chloroplast genome of Gossypium barbadense L. (Ibrahim et al. 2006) .
MATERIALS AND METHODS
Plant Materials Samples were collected as young leaves from naturally grown collection of 54 species of Salvia as well as two species of Ocimum in the Botanical Garden of Kyoto, Japan. Leaf samples were reserved under -20°C before process. Table 1 listed the species of Salvia and Ocimum used in this study.
DNA Isolation Plant Genomic DNA Extraction Miniprep System (Viogene, USA) was used to extract total genomic DNA from leaves. The manufacturer's protocol was followed. Extracted DNA was the template for LA-PCR amplifi cation.
Primers Design
The primer pair used in this study (Table  2) was manually designed based on the cpDNA sequence of G. barbadense (Ibrahim et al. 2006) and was used before among other primers to study the chloroplast genome of cultivated cotton species (Ibrahim et al. 2007) .
LA-PCR A long fragment of cpDNA (~10,031 bp) was amplifi ed using 1.25 units of TaKaRa LA Taq TM polymerase (Takara Shuzo, Kyoto, Japan) and the specifi c pair of primers. All the recommended protocol of the manufacturer was followed except for the amount of reagents, where only half of the recommended volumes were used in this experiment. cpDNA from each of two Ocimum species and 52 out of 54 species of Salvia, exceptions were S. lyrata and S. × superba. All amplifi ed LA-PCR products, including Ocimum species were similar in size. One visually detectable AFLD was observed in the amplifi ed PCR product of S. roemeriana, which appeared a little longer than the other PCR products of other species (Fig. 1) . Moreover, these LA-PCR products appeared equal to the calculated size (~10 kbp) of the corresponding region in the chloroplast genome sequence of the reference plant; G. barbadense (Ibrahim et al. 2006) .
LA-PCR-RFLP
The amplifi ed LA-PCR products from the chloroplast genomes of Salvia and Ocimum species digested with one of EcoRI, HindIII, PvuII, or MfeI restriction enzymes produced more polymorphic patterns than NdeI or SmaI restriction enzymes, except S. roemeriana that showed polymorphic patterns in all digestions. Therefore, any of the six enzymes can be used to distinguish S. roemeriana from other species used in this study (Fig. 2) . Digestion with NdeI or SmaI restriction enzymes exhibited the same band patterns for all Salvia taxa used including Ocimum species but S. roemeriana. MfeI produced unique band pattern for Ocimum species. Thus, MfeI enzyme can be used to identify Ocimum species from Salvia at the molecular level. Chloroplast genomes were reported as highly conserved (Shimada and Sugiura 1991) . Based on analysis of cpDNA restriction site variation in the subfamily Nepetoideae (Labiateae) carried by Wagstaff et al. (1995) , Ocimum appeared as a basal genus in the clade that includes Salvia, which may explain the relationship and similarity of the two chloroplast genomes. Table 3 shows the number of fragments resulted from the digestion of the amplifi ed LA-PCR products from Salvia and Fig. 3 illustrates an example of the amplifi ed products digested with PvuII.
Phylogenetic analysis
The application of suitable Table 1 . The AFLD from S. roemeriana (Lane 22) appeared a little longer than PCR products of other species (arrow). M refers to 1kb BioLab ® ladder marker. Fig. 2 . PCR products amplifi ed from Salvia species 17-24 digested with PvuII (Lanes 2~9) and NdeI (Lanes 10~16) restriction enzymes, respectively. Numbers indicate the names of Salvia and Ocimum species as listed in order in Table 1 . M refers to 1kb BioLab ® ladder marker.
components from the PHYLIP software package resulted in the tree shown in Fig. 4 . The data fi le was bootstrapped 1000 times before proceeding to other applications. The two species from the genus Ocimum were used as an out group. As shown, Salvia species were clustered into two main groups, one composed of one species, S. apiana of California and another group contains the rest of species. (Fig. 4) . Salvia uliginosa from southern Brazil, Uruguay and Argentina and S. buchananii from Mexico were in two different sub-groups referred to as V-i and V-ii, respectively. The eastern Asia; sub-group V-iii included S. glabrescense, S. nipponica, and in a subclade S. japonica and S. glutinosa. The presence of S. glutinosa in this group is rather odd, because its origin is central France, Spain, Italy, Greece and central Russia, while the other three species are native to Japan. This might be in consistency with Walker et al. (2004) who grouped S. glutinosa in a separate clade named III with other fi ve species; S. digitaloides from China, S. fruticosa from eastern Mediterranean and southern Italy, S. nubicola from Afghanistan, Bhutan, India, Pakistan, southeastern Asia and Europe, S. barrelieri from North Africa, and S. hians from Kashmir. Group V-iv contains two species; S. senaloensis and S. patens, both from Mexico. Group V-v, V-vi and V-vii were of species endemic to South America and Central America especially Mexico. There were two exceptions; one is S. stamina of group V-v from Asia Minor up to Iran and S. virgata from California that created a subclade from group V-vii.
This report shows that Salvia species under study can be divided in at least two major groups and 12 minor groups based on only one long PCR product from the chloroplast genome and one restriction enzyme at a time. A combination of two enzymes simultaneously as double digestion may increase the resolution of results and lead to species-specifi c markers (Parani et al. 2001) . This kind of double digestion work is under consideration. In general, all species of Salvia that included in both this study and the report of Walker et al. (2004) were clustered based on origin in three major and distinct clades. S. roemeriana showed AFLD as well as species-specifi c pattern against all enzymes used in this study. MfeI restriction enzyme was the only enzyme among six that Fig. 4 Phylogenetic tree of the 52 Salvia species and the two Ocimum species obtained by neighbor-joining method based on PCR-RFLP marker-based genetic similarity. The number of bootstraps that supports each node was indicated.
